IMPORTANCE Recently, the American Joint Committee on Cancer (AJCC) updated its staging system for human papillomavirus (HPV)-positive oropharyngeal squamous cell carcinoma (OPSCC). The prognostic significance of perineural invasion (PNI) and angiolymphatic invasion (ALI) within this staging system is unknown. 
T he incidence of oropharyngeal squamous cell carcinoma (OPSCC) has increased during the past 3 decades, and an increasing proportion of OPSCC cases are human papillomavirus (HPV) positive. 1 Compared with traditional, HPV-negative OPSCC, HPV-positive OPSCC is a unique clinical entity that affects a younger population of patients who often lack the traditional risk factors of heavy tobacco and alcohol exposure. 2 In addition, HPV-positive OPSCC has an overall better prognosis than HPV-negative OPSCC, a distinction with important implications for disease management. 3 Identifying the prognostic power of pertinent clinical and pathologic variables is at the forefront of clinical research, and treatment deescalation strategies are being applied to some HPV-positive patients to minimize treatment-related morbidity. 4 TNM staging is an important tool for prognostication and treatment guidance, but several studies 5, 6 have found that the seventh edition of the American Joint Committee on Cancer (AJCC) pathologic staging system lacks prognostic power when applied to HPV-positive OPSCC. The eighth edition of the AJCC pathologic staging system (AJCC-8) was published in late 2016 and is scheduled to be implemented on January 1, 2018. It features separate staging criteria for HPV-positive patients and incorporates separate pathologic staging that acknowledges the increasing role that surgery is playing in HPV-positive OPSCC. 7 Development of this new staging system was motivated by data from the Washington University School of Medicine, but information on its efficacy when used clinically is limited. 8 This study therefore included an analysis of this new staging criteria, applying it to a new, independent cohort of patients. Despite being a widely used prognostic indicator, TNM stage does not address certain important pathologic variables. Because of the increase in surgical treatment of HPVpositive OPSCC, this limitation raises questions about their clinical importance. In the head and neck cancer literature, perineural invasion (PNI) and angiolymphatic invasion (ALI) have generally been described as poor prognostic factors. [9] [10] [11] [12] Perineural invasion influences recurrence, distant metastases, and survival in several head and neck sites, including the oropharynx, oral cavity, hypopharynx, and larynx. [13] [14] [15] [16] [17] Angiolymphatic invasion has received less attention than PNI, likely because it is difficult to recognize and has subsequently been omitted from some histologic grading systems. 9, 18 Studies [18] [19] [20] [21] have found an association between ALI and worse treatment outcomes; however, overall the literature is mixed, and additional studies to elucidate the significance of this association are indicated. Although the literature describes a more conclusive role for PNI in prognosis, supplementary data could contribute to discussions about the use of PNI (and perhaps ALI) to guide postsurgical treatment. 17, 22, 23 Much of the literature on PNI and ALI in head and neck cancer makes no distinction between HPV-positive and HPVnegative disease. In addition, the prevalence of these risk factors in HPV-positive OPSCC is poorly defined. The purpose of this study was to examine the prevalence and prognostic value of PNI and ALI in HPV-positive OPSCC using this same cohort to test the external validity of the newly released AJCC-8.
Methods
A retrospective review was performed of all HPV-positive patients with OPSCC treated surgically at the University of Pittsburgh Medical Center from January 1, 1980, through December 31, 2015, with at least 1 year of follow-up or death within 1 year. Surgery was defined as resection of the primary tumor and ipsilateral or bilateral neck dissection. Tumors were considered to be HPV positive if immunostaining of the tumor was positive for HPV or p16. All patients had HPV testing by p16 immunohistochemical analysis or HPV in situ hybridization. Medical records of patients were reviewed for presenting demographic factors, surgical and adjuvant treatment, presence of PNI or ALI, and overall and disease-free survival. Approval was obtained for this retrospective clinical review from the University of Pittsburgh Institutional Review Board, which deemed that informed consent was not required. Data were deidentified for statistical analysis.
The presence of PNI or ALI was judged by review of the original pathology report from the primary tumor. Head and neck subspecialty pathologists who conform to institutional standards reviewed all specimens. The specimens were periodically re-reviewed for quality control and previous publications but were not specifically re-reviewed for the purposes of this study. [24] [25] [26] If the presence or absence of PNI was not mentioned in the pathology report, the report result was considered to be negative according to institutional standards. If the presence or absence of ALI was not mentioned in the pathology report and patients had pN0 disease, the report results were considered to be negative according to institutional standards. If the presence or absence of ALI was not mentioned in the pathology report and patients had pN+ disease, the report results were considered to be indeterminate according to institutional standards. For the purposes of this study, the patients with indeterminate results were also considered to not have ALI. 
Key Points
Question Does the presence of perineural invasion or angiolymphatic invasion provide prognostic information in human papillomavirus-positive oropharyngeal squamous cell carcinoma?
Findings The presence of angiolymphatic invasion or perineural invasion denotes a worse prognosis in this patient population.
Meaning Attention should be paid to angiolymphatic invasion and perineural invasion in human papillomavirus-positive oropharyngeal squamous cell carcinoma, particularly in ongoing deescalation trials.
Differences in proportions and 95% CIs were reported for binary variables. Odds ratios (ORs) and 95% CIs were estimated for categorical variables using logistic regression. The Cohen d values and 95% CIs were reported for age; HodgesLehmann estimator of location shift and 95% CIs were reported for radiation dose. We first validated the AJCC-8 pathologic staging system in the patient cohort in our study; none of the participants were used for initial creation of this staging system. This pathologic staging system was validated with generation of a KaplanMeier estimate of the overall survival functions and compared among AJCC-8 stages I through IV using Cox proportional hazards regression models.
The primary outcome measure was overall survival, which was defined as the time from the date of surgery to the date of death. Patients who were alive at the last follow-up were censored observations. The secondary outcome measure was disease-free survival, which was defined as the time from the date of surgery to the date of first recurrence or death (if any). Patients alive at the time of last follow-up and those who died of other causes without recurrence of disease were censored observations. Overall and disease-free survival curves stratified by the presence of ALI, PNI, or both risk factors were generated using the Kaplan-Meier method.
Cox proportional hazards regression models were used to estimate the hazard ratios (HRs) of overall and disease-free survival among patients with PNI or ALI and the presence or absence of either risk factor. Additional covariates included in the model were age at diagnosis, AJCC-8 surgical stage, ECS, smoking history, radiation dose, and the presence of positive margins. Variables were chosen if they were significant on univariate analysis (P < .05, 2-sided) or are commonly known to be associated with survival in this patient population.
Finally, we assessed within each AJCC-8 stage whether PNI and/or ALI was associated with overall survival using a logrank test. On the basis of these conclusions, an adjusted staging variable that included information about the presence of PNI and/or ALI for patients with AJCC-8 stage II cancer was developed and compared with the basic staging variable using the Akaike information criterion (AIC) in Cox proportional hazards regression models.
Results
A total of 201 surgically treated HPV-positive patients with OP-SCC and at least 1 year of follow-up were identified (mean [SD] age, 57.4 [9.0] years; 79.6% [3.0%] male, and 20.4% [3.0%] female). Baseline demographic information for these patients are given in Table 1 . Within this patient cohort, the AJCC-8 pathologic staging system appropriately stratified patients by survival outcome. Overall survival was worse among patients with later-stage compared with earlier-stage disease: stage I (n = 152), HR, 1 (reference); stage II (n = 27), HR, 3.5 (95% CI, 1.7-7.1); stage III (n = 18), HR, 2.9 (95% CI, 1.3-6.5); and stage IV (n = 3), HR, 22.4 (95% CI, 6.4-78.2).
Perineural invasion was identified in 32 of 201 primary specimens (15.9%). ). There was no difference in lymph node status when stratified by ALI or PNI. The median radiation dose among patients with ALI was higher than that among those patients without ALI (location shift, 300 cGy; 95% CI, 0-600 cGy), but there was no difference in median radiation dose among patients when stratified by PNI. Similarly, patients with ALI were more likely to receive chemotherapy than were those without ALI (difference, 25.1%; 95% CI, 10.6%-38.8%), but there was no difference in chemotherapy rates when stratified by PNI status. Patients who tested ALI positive had a higher rate of ECS than did ALI-negative patients (difference, 21.9%; 95% CI, 6.4%-36.5%), which likely explains the higher rates of chemotherapy and radiotherapy in this cohort.
On univariate analysis, the presence of PNI inferred a worse overall survival (HR, 2.26; 95% CI, 1.13-4.51) and disease-free survival (HR, 2.66; 95% CI, 1.26-5.60). However, after controlling for the effects of age, smoking, AJCC-8 stage, radiation dose, ECS, and positive margins, there is no longer a statistically significant association between overall survival and PNI (HR, 1.46; 95% CI, 0.53-4.06) or a statistically significant association between disease-free survival and PNI (HR, 1.20; 95% CI, 0.39-3.74) (eTable in the Supplement).
On univariate analysis, the presence of ALI was associated with worse overall survival (HR, 2.20; 95% CI, 1.15-4.18) and disease-free survival (HR, 3.55; 95% CI, 1.76-7.17). After controlling for the effects of age, smoking, AJCC-8 stage, ECS, radiation dose, and positive margins, the presence of ALI was still associated with decreased overall survival (HR, 2.54; 95% CI, 1.01-6.41) and disease-free survival (HR, 2.74; 95% CI, 1.07-6.98) (eTable in the Supplement). Despite sex being different between the 2 groups, it was not associated with survival on univariate analysis and thus was not included in the multivariate analysis.
A significant correlation was found between the presence or absence of PNI and ALI (ρ = 0.23; 95% CI, 0.09-0.37). We therefore stratified patients into having 0 or at least 1 risk factor to be able to include both in our model. This decision was made after testing ALI and PNI alone, number of risk factors (0, 1, or 2), or the presence of at least 1 risk factor that provided the best fit based on AIC comparisons. A total of 115 of 201 patients (57.2%) had no risk factor, and 86 of 201 (42.8%) had at least 1 risk factor. When combining the presence of ALI and/or PNI into 1 risk factor, a significant association was found between number of risk factors and overall survival (Figure 1 ). This association persisted on multivariate analysis controlling for age, (Figure 2) , the significant association on univariate analysis remained on multivariate analysis (HR, 3.10; 95% CI, 1.17-8.23) (eTable in the Supplement). The addition of PNI, ALI, or the presence of at least 1 risk factor to the AJCC-8 pathologic staging was not associated with improved overall survival. In the AJCC-8 stage II group, however, patients with ALI had significantly worse overall survival (HR, 3.40; 95% CI, 0.94-12.25). Similarly, in the stage II group, patients with PNI had significantly worse overall survival (HR, 4.38; 95% CI, 1.17-16.50). Among the patients with AJCC-8 stage II cancer, the HR for those with ALI and/or PNI was 11.7 (95% CI, 1.2-111.7) after controlling for the effects of ECS, positive margins, age at diagnosis, smoking history, and radiation dose (Figure 3) . Therefore, a Cox proportional hazards regression model that includes the presence of at least 1 of PNI or ALI in a patient with AJCC-8 stage II cancer is a better model for overall survival than one without this information based on AIC comparisons.
Discussion
Human papillomavirus-positive OPSCC has been studied extensively in recent years, and these data have demonstrated that HPV-positive patients with OPSCC have better outcomes than do HPV-negative cohorts. Previous management practices for OPSCC, derived from clinical experiences with HPVunrelated outcomes, do not pertain to this HPV-positive population, and a new edition of the AJCC pathologic staging system was released in 2016 that includes separate HPV-positive and HPV-negative OPSCC chapters. 7 Several studies 6, 8 have reported that the previous edition of the AJCC staging manual (AJCC-7) could not reliably fulfill the prognostic needs of HPVpositive patients. Additional studies 8, 27 about HPV-positive patients with OPSCC found that the AJCC-7 pT stage was significantly associated with survival, but the nN stage was not. A recent study 27 from the Washington University School of Medicine found that pN3 cases were equivalent to N1 cases and pN1 was associated with better survival than pN0. Compared with laterality or size of lymph nodes, the number of positive nodes was most important for prognosis. 8 The AJCC-8 pathologic staging system used these data to create new criteria for pN stage; pN0 is used when there is no lymph node metastasis, pN1 includes metastasis in 4 or fewer lymph nodes, and pN2 includes metastasis in more than 4 lymph nodes. 7 Because this revised system was newly introduced at the start of 2017, data about its usefulness are limited. Our study supports the external validity of the AJCC-8 pathologic staging system, demonstrating a statistically significant difference in survival among patients with stage I, stage II, and stage III disease. When comparing our data with similar results from a study conducted in Japan, 28 the prognostic power and external validity of the AJCC-8 pathologic staging system seem to be acceptable and significantly improved from AJCC-7 staging. In light of these changes reported by the AJCC, we sought to examine how pathologic variables that are not incorporated into TNM stage contribute to prognosis. Both PNI and ALI are generally considered to be risk factors for aggressive tumor behavior in head and neck cancer. [9] [10] [11] [12] However, results vary among studies, 14, 18, 19, 21 and thus it is difficult to draw conclusions about their significance and usefulness in guiding postoperative treatment. In a study 14 of lesions in the oropharynx, oral cavity, hypopharynx, and larynx, the rate of local recurrence was 14% (range, 2%-26%) greater and mortality was 29% (range, 13%-43%) greater among patients with PNI compared with those without PNI. Another study 29 found that neither variable was significantly associated with decreased survival in a cohort of patients with T1 and T2 squamous cell carcinoma. Nonetheless, the association between PNI and poorer outcomes has been demonstrated extensively in the literature, and the presence or absence of PNI is often considered when planning adjuvant treatment postoperatively. [9] [10] [11] [12] 17, 22, 23 Despite its less conclusive association with outcomes, a previous study 18 recognized that ALI should also be considered when planning adjuvant therapy and recommended future studies on its significance. However, another study 30 advocated for a risk classification system in which patients are scored as low risk, intermediate risk, or high risk based on PNI, lymphocytic infiltrate at interface, and pattern of invasion. The risk score can then be used to plan postsurgical treatment. The existing literature on PNI and ALI in head and neck cancer focuses on traditional, HPV-negative disease. Because HPV-positive OPSCC is a unique clinical entity, it is critical to explore specifically the roles of PNI and ALI in this patient population. This is especially true when considering that extracapsular extension, which has been considered as a poor prognostic factor in OPSCC, was not associated with poor outcomes in several HPV-positive cohorts. 8, 26, 31, 32 A recently published meta-analysis 31 on the pathologic markers in surgically treated HPV-positive patients with OPSCC included only 4 studies that examined PNI and ALI, and these preliminary data reveal no significant negative effect on survival. This same study 31 published prevalence data on PNI and ALI. The reported prevalence of PNI in the 4 studies 31, [33] [34] [35] included in the meta-analysis ranged from 11% to 19%, and the reported prevalence of ALI ranged from 15% to 50%. In our study, PNI prevalence was 16% and ALI prevalence was 37%, fitting with these existing data. In our study, PNI and ALI were significantly associated with T stage, and prevalence of PNI and ALI increased as T stage increased. In addition, ALI was significantly associated with AJCC-8 stage, the presence of ECS, and adjuvant therapy. Despite these associations, ALI remained significantly associated with overall and disease-free survival on multivariate analysis. In addition, in AJCC-8 pathologic stage II, the presence of at least 1 PNI or 1 ALI was significantly associated with shorter overall survival, suggesting that in this group (T0-2/N2 or T3-4/N0-1 HPV-positive patients with OPSCC treated surgically), PNI and ALI should be considered when adjuvant therapy is being considered and perhaps deescalation is not appropriate. It is unclear why stage II is the only stage in which ALI and PNI provide additional value beyond the existing staging classification. We believe that it is likely that the prognosis for patients with stage I disease is so good that we did not have the power to detect a difference in this study. Furthermore, few patients with stage III or IV disease are treated surgically; thus, larger studies are needed in these groups. However, in stage II, our study suggests that this additional prognostic information could be useful in clinical practice, and we recommend further evaluation by other groups.
Limitations
This study is limited by the retrospective nature of the data. Furthermore, there was selection bias in determining which patients can be treated surgically; thus, these results will apply to only appropriately selected surgical patients. Identification and characterization of PNI and ALI by different pathologists may vary and limit interpretation of results. Finally, there was no adjustment for comorbidity, which is a concern given the primary outcome of overall survival and recognizing competing causes of death among patients with head and neck cancer.
Conclusions
The AJCC-8 pathologic staging system for HPV-positive OPSCC was valid in this patient cohort. Both PNI and ALI are commonly found in HPV-positive OPSCC, with increasing prevalence as T stage and AJCC-8 pathologic stage increase. Angiolymphatic invasion remained prognostic of overall and disease-free survival on multivariate analysis when including AJCC-8 pathologic stage, but PNI did not provide additional prognostic information. However, specifically among patients with AJCC-8 stage II disease, the presence of ALI or PNI may suggest a poorer prognosis.
